Economic valuation of two technologies to import water: A case study of Morocco. by unknown
 UNESCO-IHE  
INSTITUTE FOR WATER EDUCATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Economic valuation of two technologies to import water. 
A case study of Morocco. 
 
 
 
Bruno Oreste Bellettini Cedeño 
 
MSc Thesis WM.09. 04.  
April 2009  
 
 .

  
 
 
 
 
 
Economic valuation of two technologies to import water. 
A case study of Morocco. 
  
 
 
 
 
 
 
Master of Science Thesis 
 by  
Bruno Oreste Bellettini Cedeño  
 
 
 
 
Supervisors 
Prof. Dr. Meine Pieter van Dijk (UNESCO-IHE) 
Dr. Mathew Kurian (UNESCO-IHE) 
 
 
Examination committee 
Prof. Dr. Meine Pieter van Dijk (UNESCO-IHE), Chairman 
Dr. Mathew Kurian (UNESCO-IHE) 
Dr. Sunil Tankha (ISS) 
 
 
 
This research is done for the partial fulfilment of requirements for the Master of Science degree at the  
UNESCO-IHE Institute for Water Education, Delft, the Netherlands 
 
Delft 
April, 2009 
 .
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The findings, interpretations and conclusions expressed in this study do neither necessarily 
reflect the views of the UNESCO-IHE Institute for Water Education, nor of the individual 
members of the MSc committee, nor of their respective employers. 
 
 
 
 
 
 
 
 
 
 
 
"Anyone who can solve the problems of water will be worthy of two Nobel prizes - one for 
peace and one for science." 
 
- John F. Kennedy - 
 
 .

 Abstract 
For the past few years, water stress has been accelerated world widely but with more 
severity in the Middle East North African region (MENA). Simultaneously, the economic 
boom of countries like Morocco has triggered a faster water demand that more likely will 
not be coped with the resources that the country has within their boundaries and for this 
reason to import water is an imperative necessity.  
 
Two technologies are being approached on this research to mitigate the water scarcity and 
therefore enhance a better economic performance of the country. These are the polyethylene 
bags filled with water to be towed from Turkey and the intercontinental water pipeline that 
will transport water from the Amazon river in Brazil. 
 
A Cost-Benefit analysis was implemented to evaluate how feasible from an economic 
perspective were both technologies on a study case in Morocco, considering factors as the 
GDP growth due to water availability and the advantages that both approaches imply. The 
service provision and its characteristics of affordability, environmental protection and 
predictability were considered from a public perspective in the analysis. 
 
The main findings after comparing the two technologies show that is cheaper to import 
water with the polyethylene bags but the source of the intercontinental water pipeline tends 
to be more reliable in terms of volume, but the risk for such infrastructure is higher when 
comes to target for terrorist attacks issues.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: Morocco, polyethylene bags, intercontinental pipeline, Cost-Benefit analysis. 
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 1 Introduction 
This chapter contains some introductory information about the reasons that motivates this 
research along with the situation in the North African region and its effort to cope with 
water scarcity to tackle development on a sustainable manner.   
1.1 Water scarcity on this context 
Scarcity is the lack of resources which, among other aspects, determines the direction a 
society will take in the quest for development. There are numbers that define water scarcity 
in dry regions compare to other regions where water is more or less abundant, but even 
though scarcity is more given by the level of dependence of any resource, it can be handle 
through the innovation that human beings are capable to produce to deal with it (the so 
called human ingenuity) towards finding potential solutions, either technical or managerial 
alternatives to cope with the problem. 
 
The purpose of this research is to focus in technical alternatives to mitigate the problem in a 
sustainable way by evaluating two different methods to import water at the lowest cost. This 
study looks at the development of either: an intercontinental aqueduct or polyethylene bags 
loaded with fresh water, for this reason an economic evaluation will be implemented in 
order to assess which technique is more feasible to apply considering the general conditions 
of the region. 
 
It is mentioned that sustainability and affordability of water infrastructure remains an 
important issue, on this research I try to show the impact of developing water infrastructure 
for a society and the cost of not having this infrastructure in the long term. Since the author 
of this paper is not an economist it’s pretended to refer to others sources how important is to 
look at the water with a long term perspective, usually politicians made the mistake of 
measuring water infrastructure benefits in the few years that they’ll stay on office, with the 
consequent erroneous decisions.   
     
It’s also emphasize that water infrastructure in dry regions with predominant low-income 
population it’s a sine qua non requirement in order to reach a certain level of development 
that will take out of poverty millions of people that right now don’t have access to the most 
basic services like water supply.  
 
The developed world plays a major role on the implementation of big water works 
especially in the Least Developed Countries (LDC’s). They have the tools to provide money 
and useful technical expertise to finance and construct different size of infrastructure but 
moreover the mega ones that will benefit the poorest and among other issues will help to 
accomplish the Millennium Development Goals and therefore to have a significant impact 
on the real economic development.      
 
The research will be more focus on the actual cost of delivering every and each of the 
proposed projects and compare the economic sustainability of the project along the years. 
The study will try to foresee, somehow, some O&M costs (e.g. in the case of the 
intercontinental water pipeline) based on similar infrastructures like the “Cyprus Water 
Project” and the same with the rest of the projects, if possible.   
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 1.2 Problem statement 
Water scarcity brings alone a serious obstacle for the development of the countries in the 
North African region but specially in the case of Morocco, after all the reforms 
implemented to speed up the economic growth of the country. At present, the country is 
scaling down his GDP growth due to insufficient supply of water and apparently the 
internal resources are not enough to satisfy the current demand and the upcoming years the 
situation can get worse if no actions are taken.  
1.3 The outline of the thesis 
In this report, firstly is being introduced by explaining water scarcity as a general problem 
but also how it is related to the lack of infrastructure to undertake this issue, especially in 
developing countries. Secondly a background information describing the Middle East North 
African region (MENA) and further a more precise explanation about the North African 
countries. Thirdly, will be explained the two technologies to import water that are being 
approached on this research, also mentioning some similar projects still on the study phase. 
Chapter 4 includes the analytical framework that was used for this study as well as the 
methodology, hypothesis and research question. Chapter 5 and 6 describe the Cost-Benefit 
Analysis tool to evaluate the two technologies acknowledging the particularities of the 
study case, The Kingdom of Morocco. Chapter 7 present and discuss the findings of this 
study and the content of Chapter 8 are the conclusions.  
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 2 Background 
There is no need to be an expert of the Middle East and North Africa (MENA) region to 
know that these countries are short of water. It is a fact that most of the region’s countries 
cannot meet current water demand and the sad part of the story is that it is likely to get 
worse. On its most recent publication about this region the World Bank states that per capita 
water availability will fall by half by 2050, with serious consequences for the region’s 
already stressed aquifers and natural hydrological systems.  
 
Moreover, years pass by many professionals working in the field of water resources are 
keeping themselves occupied with issues such as drought, water shortages and water 
resources management. Due to the extremely arid conditions of regions like the Middle East 
North Africa (MENA) the demand for water keeps increasing at a higher rate than the rate 
of development of the available water resources and there will never be any chance of 
having the supply equal to or larger than the demand (Shahin, 1996). 
 
As the region’s economies and population structures change over the next few decades, 
demands for water supply and irrigation services will also change in the same scale as well 
as the need to address industrial and urban pollution. It is also stated that if the region is not 
able to adapt their current water management practices to the upcoming challenges the 
social, economic, and budgetary consequences could be enormous (World Bank, 2007). 
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Figure 1: Per capita renewable water resources available in some countries and the 
region 
 
The facts described in the previous paragraphs only increase the uncertainty with respect to 
economic dislocation associated with the depletion of natural resources or unreliability of 
supplies, situation that might intensify local conflicts. The effects on economic growth for 
the region in the short and long-term will bring as consequence the aggravation of the 
tensions between and within human groups which therefore will put pressure on public 
funds.  
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Figure 2: Population with access to improved drinking water 
  
But despite all the limitations that the region faces its also considerable the improvements 
that they have done the last decades on indicators like the supply of drinking water either in 
the urban and the rural areas. Approximately 59% of the population in the region lives in 
cities and 41% had settle in rural places and still on this scenario the region has reached a 
90% of coverage for the population.  
 
Changing demographic trends will affect demands on water management in the future, 
especially since MENA’s population is becoming increasingly urban. This will bring 
important challenges on issues like demand for reliable water supply systems, shifts on the 
population consumption’s pattern 1  but at the same time there will be more room to 
implement policies since the urban commercial interest groups could reduce the relative 
influence of rural elites on central policy making.  
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Figure 3 Oil shares in the economy 
 
Economies on the region heavily rely on extraction of non renewable resources (mostly oil) 
and some countries’ GDP depend on oil on amounts up to 57% (figure 4), which brought as 
consequence enormous public sector expenditures to manage huge investment programs. In 
                                                   
1 See annex 1 
 countries like Bahrain, Kuwait and Saudi Arabia water supply coverage can be as high as 
100%, this goes together with the fact that these particular countries are using more water 
than it receives each year.  
 
However, to cope with water scarcity is a big issue in regions like the Middle East -a fair 
comparable example of water use to North Africa-, and for that purpose I want to refer to 
gross numbers of consumption patterns in some countries of that region. For instance 
residents of arid Yemen use only 2 percent of the water consumed by the average person in 
other parts of the world. Much of Yemen’s water is mined from rapidly depleting 
underground aquifers (World Bank, 2008). 
 
Nearly 80 percent of all the water that falls in the Middle East and North Africa is used, 
according to recent reports. That’s in stark contrast to other areas of the world, such as Latin 
America, the Caribbean and Sub-Saharan Africa, which use only about 2 percent of 
available water in their regions. The region has as much irrigated land as the United States, 
and a lot of it is used for crops that are more easily grown in other places and imported 
(World Bank, 2008).  
 
On top of that, the potential for growing of the irrigated land is still considerable, for 
instance the region on average has irrigated only the 46% of its cropped area (figure 3) and 
the incentives to keep expanding it are high. For instance, under EU-Morocco trade 
agreement, Morocco had the potential to ship up to 175,000 metric tons of fresh tomatoes 
duty free in 2004 with an increasing quota of 10,000 metric tons, situation that puts the 
country in a position to dominate total EU tomato imports. However, Morocco only 
exported 60 percent of the available quota, which amounts to lost revenue of US$44 million, 
and the consequent effects on rural livelihoods (World Bank, 2007). 
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Figure 4 Irrigated vs Non irrigated cropped area 
  
The already heavy usage of water in the Middle East doesn’t leave a lot of room to 
accommodate an expanding population or the effects of climate change; moreover, if they 
keep the patterns of investment of the recent reports that estimate water-related 
environmental problems cost many countries between .5 and 2.5 percent of GDP a year 
(ADB, 2008). 
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 The numbers mentioned above –which is a similar reality to the one in North Africa- allow 
to arrive to two important conclusions, one is the fact that some behaviors regarding the 
water management efficiency should be tackle and shifted towards better ones in terms of 
quantity; choices are not easy and they will involver painful changes but certainly necessary. 
 
The second one goes on the way that even with all the internal reforms that one can 
implement, it can’t be neglected the importance of making available more physical water 
for the entire region (MENA), either we create it or import from an existing source. Despite 
the uncertainty that climate change is bringing to the future of the region, many predictions 
point out that water will be less available in just a few years and the demand will increase –
due to the ambitious plans of development in many North African countries- and as 
disaccelerate growth is not an option, is vital to come up with a feasible solution that tackle 
the gap that hasn’t been filled: to increase the amount of water on the region. 
2.1 North Africa 
Morocco Algeria Tunisia Lybia Egypt North Africa MENA
30,6 32,5 10,0 6,1 68,7 147,9 294
17,8 19,3 6,4 5,2 29,0 77,7 172.5
12,8 13,3 3,6 0,9 39,7 70,3 121.5
80,0 87,0 82,0 70,0 98,0 83,4 90
99,0 92,0 94,0 72,0 100,0 91,4 96
56,0 80,0 60,0 68,0 97,0 72,2 81
24,0 12,0 24,0 12,0 18,0 NA
1520,0 2280,0 2630,0 NA 1310,0 1935,0 2000
39823,0 64146,0 23174,0 NA 114312,0 60363,8 NA
NA 36,2 NA NA NA
3,8 4,2 4,5 NA 3,8 4,1 4.3
2,2 2,6 3,3 NA 2,0 2,5 2.5
44,7 238,2 16,4 NA 100,1
346,0 89,0 207,0 NA 51,0 173,3 181.6
29,0 13,9 4,2 0,7 1,8 49,6 198.7
29,0 14,3 4,6 0,7 58,3 106,9 284.3
1,0 0,4 0,5 0,1 0,8 0,6 1.1
230,2 235,9 174,1 85,4 181,4 133
0,0 2,9 8,7 0,0 96,9 21,7
12,6 6,1 2,6 4,2 68,3 93,8 68.3
0,0 0,0 3 0 3 1,2 4.8
68,0 34,0 38,0 NA 77,0 54,3 NA
32,0 66,0 62,0 NA 23,0 45,8 NA
0,4 0,4 0,5 NA 0,5 0,5 NA
13,8 6,8 7,5 NA 100,0 32,0 45,7
86,2 93,2 92,5 #¡VALOR! 0,0 68,0 54,3
Land and water resources
Hours of access to tap water (hours/day)
Average annual growth
Average annual growth of GDP at constant prices
Average annual growth of GDP per capita at 
constant prices
Total internal water resources (1000 million m3)
Total renewable water resources (1000 million m3)
Socioeconomic Indicators
Macroeconomic Indicators
GNI per capita, Atlas method (US$), 2004
GDP (millions of constant US$ at 2000 prices), 
2004
Land area (million hectares)
Share of oil in GDP (%), 2003
Total Population (millions of people), 2004
Population with access to improved drinking water 
(%), 2002
Rural
Supplemental water (desalinated and retreated and 
reused), (1000 million m3)
Per capita renewable water resource available 
(1,000 m3)
Water withdrawals, 2002
Total withdrawals (1000 million m3)
Average precipitation (mm/yr), 1998-2002
Renewable water resources, 2002
Urban 
Rural
Urban 
Water requirement ratio
Percentage of cropped area irrigated (1999)
Note: NA=Not Available; n.a.=Not applicable
Total renewable water resources as % of total water 
use
Dependency ratio (%)
Efficiency of water used in agriculture
Water dependency (%)
Water self-sufficiency (%)
 
 
Table 1: Indicators of the North African countries individually and the MENA region 
[Source: MENA Development Report, 2007] 
 
Water Scarcity in regions like North Africa represents an important obstacle for the 
countries belonging to this area to develop their own economies and therefore provide better 
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 7 
conditions for the people living there. It is mentioned on the literature that this region 
covers 11% of the world’s dry land surface and holds 5.3% of its population, but its internal 
natural renewable water resources amount is about 1% of the world’s total resources, at this 
region the average overall water yield of 26, 500 m3/yr per km2, whereas the global 
average is approximately 270,000 m3/yr per km2.  
2.1.1 Socioeconomic Indicators  
The table above describes in detail some of the most important issues in the North African 
countries (case by case) and its water scarcity situation2, compared to the global averages of 
the North African region itself as well as the numbers of the MENA region. The first thing 
that we can note is that North Africa is a region with a population evenly distributed in the 
rural and urban areas, just slightly few more millions living in the cities that in the country 
sides. 
 
Of course there a cases like Libya, a big country, very under crowded with an 85% of it 
people living in the cities and the rest in the rural areas. In the other hand we have Egypt 
where a majority of almost 60% is living in rural areas. Egypt and Libya also represent the 
extremes in another issue like it is the “access to improved drinking water” with Egypt 
leading the region with a 98% of coverage while Libya is stuck with only a 70% of 
coverage.  
2.1.2 Average annual growth 
 
The North African region in general, is trying to leave behind the years of unsuccessful 
strategies to develop and now they are not only in track of development but they are also 
targeting ambitious goals of growth. In average the region is growing on rates of 4,1%, 
having as some of the most important industries the tourism and the oil, the last one with 
highly profitable the last 6 years. 
 
It is important to highlight that the aspect itself that the economy of the region is growing 
mainly relying on this particular industries also means that the type of water services the 
economy demands can change. It is well known that when the number of visitors increases 
the country should put particular attention to the water supply service but also to keep the 
beaches clean through an appropriate collection and treatment of sewage and of municipal 
solid waste.   
 
2.1.3 Renewable water resources 
I would like to highlight a very important number on this table, and it is the “per capita 
renewable water resources” and I want to describe it per country individually. As we can 
see in the table Morocco is the one with the highest amount (1,000 m3) that is just on the 
edge below which tensions arise between needs and resources, as mentioned before on this 
document. After that, Egypt (800 m3), Tunisia (500 m3), Algeria (400 m3) and Libya (100 
m3) are facing serious threatens to cover the current demand and it has been forecasted that 
it will get more difficult in the upcoming years. 
 
Another important point to be remark is the dependency ratio, which according to the World 
Bank (2008) is the part of the total renewable water resources originating outside the 
country. Then the number showed on this parameter on the table show us that most of the 
                                                   
2 See annex 2 
 renewable water resources are originating inside the country and may be an approach that 
hasn’t been considered up to now is to import water from places beyond the boundaries, 
especially in the cases of Morocco, Algeria, Tunisia and Libya.  
2.1.4 Water withdrawals 
Except for Egypt that reach almost 70,000 million m3/yr the rest of the region withdraw on 
average 8,000 million m3/yr, nevertheless there is a strong believe that the region will 
increase this numbers in the upcoming due to the ambitious projects in several industries 
they are implementing to continued their path for development.  
 
The concept of scarcity will be discussed on detail in further lines, but it is important to 
mention the water scarcity ratio (%) as, the total of water use to water availability, the one 
will always range between zero and a hundred per cent, but can in exceptional cases be 
above a hundred per cent. In the cases of Morocco, Algeria, Tunisia and Libya this ratio is 
around 45% and Egypt is one of the exceptional cases with a 105% of water scarcity. Again 
these are data for current consumption but it will considerably increase within the time and 
growth patterns.  
 
It is important to consider the current structure of water dependency, through the indicator 
called water dependency (%), defined as the share of total renewable water resources 
originating outside the country. The average of the region on this regard is about 45%, it 
means that there have been before a sort of institutional arrangement to facilitate this 
transfer within the region and outside it. But in the other hand the supplemental water in 
most of the countries of the region is less than a 1,000,000 m3/yr and the average in the 
region is 1,200,000 m3/yr, still very low compared to others water scarce regions.  
2.1.5 Efficiency of water used in agriculture   
The North African region has very important competitive advantages regarding agriculture 
to drastically increase export to markets like EU and dominate in some products like 
horticulture and some fruits. But for this purpose is absolutely necessary to improve 
indicators like the water requirement ratio, the one highlight issues like is being waste high 
amounts of water between the withdrawals of water for agricultural purposes all the way to 
the irrigation process; the region’s average is 0.5.  
2.2 The two technologies solution 
Water infrastructure is very helpful when it comes to develop a country and improve 
people’s conditions. But the question is: up to which point water infrastructure is worthy to 
be construct in order to satisfy an increasing demand of water in one of the poorest regions 
of the world? If the solution for the water scarcity in North Africa is to build an aqueduct 
from the mouth of the Amazon river to the African coast of 4,000 km of length, does this 
regions needs to be more develop in order to pay for this mega-infrastructure or it will help 
North Africa to develop, what comes first? 
 
Water and economic growth are inextricably linked. Water serves not just as an  
important input into all productive sectors of the economy, but also stands as a strong social 
and economic indicator of progress. Given the fact that access, use and availability of water 
continue to be dependent on infrastructure development, the importance of having in place 
sound financing arrangements can no longer be ignored (SIWI, 2004).   
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 A priori, one could argue that greater inequality of access to infrastructure services would 
lead to lower growth by systematically excluding groups of individuals who, with better 
access to infrastructure, could have made a greater  
contribution to growth. Indeed, several studies have argued that access to infrastructure 
services helps poorer individuals and underdeveloped areas to get connected to core 
economic activities, allowing them to access additional productive opportunities, enhancing 
their human capital and therefore income prospects (Seethepalli et al, 2008).  
 
All together, these benefits of equitable access to infrastructure services can play a key role 
not only in helping reduce income inequality, but also in fostering economic growth. 
Therefore is expected to find evidence of differential impact of infrastructure investments 
on a country’s growth depending upon inequality in access to infrastructure services.     
 
The costs of investing in water infrastructure is a small price to pay when viewed against 
the cost of emergency actions and interventions that have had to be taken in several 
countries to overcome the problem of under investment. Water scarcity, shortage, access 
and availability are critical issues that have a significant impact at all levels of the economy 
and in order to mitigate any repercussions, investments such as these are likely to prove 
very effective (SIWI, 2004). 
2.3  Business as usual? 
An important question needs to be arise, and that is: what is the cost of not developing 
water resources. Abrams (2006) states that the costs of development need to be viewed 
against the costs of emergency actions and interventions in the short term in the event of 
extreme hydrological conditions, and the cost to the economy in the long-term through  lost 
growth opportunities. 
 
Somehow these concepts of lost growth opportunities are not only complex but abstract and 
a good way to explain will be highlighting an example used by the author using the Poverty 
Reduction Strategy Progress Report of a Southern African country. Abrams (2006) remarks 
that fluctuating food prices from recurrent drought was a critical reason for poor economic 
performance in the region. However, the extent to which water resources development was 
identified as a means to address better agricultural efficiency and reduce such impacts on 
the economy was non-existent and therefore it was reflected in the lost of the country to 
grow.  
 
A main constraint for developing countries to develop infrastructure works is the money to 
finance such works. As mentioned, this role is usually given to the government that is 
driven by politicians that don’t have a clear idea about the importance of water 
infrastructure and the economical impact of the absence of it.  
 
The evidence along the history show us that there is no simple, single formula for project 
financing, but there is a need for all parties - governments, financing institutions and project 
sponsors - to work together to evolve innovative financing arrangements. Head (2004) hints 
us about Multilateral Development Banks (MDBs) and the role they play, in assisting this 
process, not only through credit enhancement and other credit mechanisms for leveraging 
private funding, but also through assisting host governments in the structuring of projects to 
make them more attractive to the private sector.   
 
It is important for Least Developed Countries to mobilize local funding where it is available, 
and to build up domestic capital markets based upon long term financing from Social 
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 Security Funds and the like, as happens in China. It is also of relevant importance to 
increase public participation under different forms of Public-Private Partnership and to 
maximize access to all sources of funding, both public and private (SIWI, 2004).  
 
Evidence suggests that the introduction of the public-private partnership to the sector has 
led to improvements in efficiency and, very often, an expansion in, and quality of, services, 
with the poor benefiting from private participation compared to the situation prevailing 
under public provision; moreover, improvements in efficiency that occur can also lead to 
reductions in prices (Harris, 2003). 
 
In general, water problems are often complex and require the states to carefully consider a 
number of potential options before a truly cost-effective long-range solution is found. If 
subsidize is considered should be focus on the low-income members of the society but 
attempting to accomplish long-term economic sustainability and therefore a good 
performance of the infrastructure.  
 
In order to finance water infrastructure all of these as well as various combinations should 
be considered by the states when considering the best long-range solution for a utility. The 
Help to Optimize coalition (2001) states that to make water investment more attractive for 
the private sector the government share should not exceed 50% of the total project cost; 
with more of the utility’s money at stake there is a greater likelihood that more cost-
effective capital decisions will be made, including consideration of life cycle costs.   
 
Furthermore, the development of the local private sector should be promoted by facilitating 
cooperation between local and international firms and firms in other developing or 
transition countries (match making), and investment facilitation. Involvement of the local 
informal sector (e.g. water vendors) and local small-scale independent providers running 
small networks from some households to customers often linked to the network of the 
public or private operator, particularly in urban slums and low income areas. This requires 
capacity building support and adequate regulations to protect the poor (Kraehenbuehl, 
2004).   
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 3 The technologies to import water 
According to many of the data cited above even if there will be enough infrastructure in 
places like Northern Africa the water available to supply the requirements from all the users 
will be insufficient reason why this region needs to find out first a source to increase the 
amount of water available, and this source in my opinion is not within the same region but 
abroad. 
 
Water infrastructure is not an end but rather a means to achieve the different priorities of 
different countries and foster an environment for sustained economic growth and 
development. According to Palmieri (2004) aqueducts, Irrigation canals, water transfer 
schemes and reservoirs for storage are important infrastructure investments that every 
economy must make in order to secure the economy from water shocks and water scarcity. 
 
Citing Italy as an example, Mr. Palmieri (2004) stressed that it was after securing 
investments through borrowing for water infrastructure and subsequently sealing the 
economy to water shocks in the earlier stages of its development that the country did leap 
forward to a more sustainable path of development. So most probably water infrastructure 
must to come first in order to achieve some economic growth and therefore to develop a 
country.      
 
3.1 The intercontinental water pipeline 
 
 
Figure 5: The map representing the route of the water pipeline 
 
As Shahin (1996) mentioned, technology to reduce water consumption alone will not be 
able to solve the future hardships caused by the shortage of water resources. The same 
result equally applies to improved management of the available water resources. For this 
reason is being approach an innovative solutions for a drastic problem and think in more 
ambitious alternatives to solve water scarcity in regions like North Africa in order to 
promote their development.  
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The available fresh water resources in a certain area can also be increased by bringing to 
them new water from outside the area under consideration. An immediate measure which 
one might be thinking of is importing water in direct or indirect form. Water is conveyed 
whenever the import/export scheme shows to be technically, economically and politically 
feasible. In the mean time there are few examples where water was transported in aqueducts 
long distances like the 1,200 km pipeline in Libya that traverse the desert plains in the 
eastern part of the country. 
 
Large scale investments like an aqueduct from South America to Africa with a distance of 
about 4,000 km must be seen as a tremendous and unaffordable expenditure specially 
considering that the beneficiaries are countries considered to be among the least developed 
of the world. But once again, there is no way for this region to be in track of development 
without this kind of infrastructure to mitigate the scarcity of water supply in the region.  
 
Despite the differences is good to cite the example of the Yellow river project in China and 
its multi-purposes bringing benefits like sediment control, energy generation, irrigation, 
navigation and water supply. According to Palmieri (2004) the total cost of the project was 
3.5 billion dollars which a bulk of 1 billion dollars was spent on resettlement, where rural 
communities accepted shares in a hydropower project affecting their land. Palmieri 
emphasized that the key to the success of water resources infrastructure projects was 
mobilize benefit sharing in an equitable manner among all stakeholders.  
 
Finally, being the Amazon river the greatest river in the world by so many measures; 
Katabira et al (2002) states that the river discharge 174,000 m3/s of water into the Atlantic 
Ocean (approximately 20% of all the freshwater discharge into the oceans), the area of land 
that drains into it, and its length and width, if we take only some 2.2 m3/s of the total 
discharge mentioned above (about 0.001%) we could provide for drinking purposes to 
millions of inhabitants,  making more water available for agriculture, the environment and 
other purposes. These facts show us that we have two regions –once the same continent- 
with two completely different realities but that could complement each other with an 
engineering infrastructure that can balance the abundance of the resource in one shore with 
the water scarcity in the other shore. 
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 3.2 The polyethylene bags 
 
 
Figure 6: Image of the polyethylene bags 
 
Recent research gave as a result a brand new technique to transport water to dry regions, 
this is towing by ship high storage capacity plastic bags of polyethylene filled with fresh 
water ready to be allocated in regions with problems of water scarcity (either by quality or 
quantity problems).     
 
In countries like Australia, plenty of water in the northern part but with severe scarcity in 
the south, has found that the cost of this method is fairly moderate of infrastructure. That is 
the bags and the couple of tugs to tow them into the coast and out of it, because the bags 
themselves are made from very thin membrane, only 1mm thick fabric reinforced plastic, let 
us conclude  
in rough numbers it's about 30 times less expensive than the equivalent desalination plant. 
That's about $3 - $4 million.  
 
All the technology needed to implement the plastic bag technology system requires only 
simple off-the-shelf technology.  This system is capable of delivering sufficient quantities 
of water by connecting waterbags in long trains using a zipper, just as railroad boxcars are 
connected in long trains with couplings. A zipper is the strongest, easiest, and quickest way 
to connect and disconnect fabric to fabric.  The world's strongest zipper has been created in 
order to economically, environmentally, and easily solves the problem of moving large 
volumes of fresh water long distances through the oceans of the world (waterbag, 2008). 
 
Waterbag technology offers a modulated system that can be turned on or off at will, 
depending on weather conditions and/or citizen demands on the water system.  As opposed 
to a dam or desalination plant, which have significant sunk capital costs that must be paid 
for whether or not the system is operating, the waterbag ocean based pipeline can be 
operated at any variety of required delivery volumes based on weather or demand 
conditions due to its modulated form, and the fact that the waterbags can be easily relocated 
to any other location on earth for other applications if not needed.  This flexibility is not 
available a dam built on a river, or from a capital intensive desalination plant located on the 
California or Mediterranean coast (waterbag, 2008). 
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 From the few previous experiences transporting water using this technology, was possible 
to sort out facts like if a waterbag breaks, it is a simple task to remove it from the 
ocean. The damaged fabric can easily be taken ashore for repairs or to be discarded.  It is 
easy to stop a deflated bag from impeding traffic or floating ashore in a short period of 
time.   
 
Because all waterbags have a series of air inflation bags built into the top of the waterbag, it 
is almost impossible for the ocean environment to sink the waterbag fabric before it can be 
taken out of the water if it is damaged.  The waterbags will be monitored 24 hours a day.  If 
they become detached, they will be easy to locate and remove, it was already successfully 
demonstrated during tests in Washington State in 1990.  
 
The plastic bags can be seen in some circumstances as an alternative for more expensive 
solutions by using the oceans of the world to transport and store water in a kinder to the 
environment and even more environmentally economical compare to dams or desalination 
plants. Fabric is cheaper than steel and cement.  
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 4 Analytical Framework, Methodology, Hypothesis and 
Research Questions 
After the background introduction, the analytical framework, methodology, hypothesis and 
research questions will be developed on this chapter respectively. 
4.1 Analytical Framework 
An economic analysis process can be understood as a sequence of actions. For this purpose 
is necessary to follow a number of steps established on a logic order for a more 
comprehensive analysis. The first step is to identify the demand for the project, at this case 
the real need for the North African region to import and/or generate fresh available water 
besides the already existing one. The second step is to establish the costs of the projects and 
whether these projects provide the least cost way of achieving the objectives. 
 
With the projects’ costs and benefits precisely quantified, the third step is to ascertain 
whether the net benefits expected from the resources allocated to the project would be in 
excess of, or at least equal to, the net benefits to the economy that could be expected if these 
resources were made available for the next best alternative project. This consists of three 
phases, namely (i) identification of economic costs and benefits; (ii) quantification and 
valuation of economic costs and benefits; and (iii) application of investment criteria (Tadle, 
1990). 
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Figure 7: Overview of the Framework for the analysis 
 
The costs of the two techniques thought to be implemented on the region, will also be 
quantified by identifying the relevant costs and benefits to the project which in general 
involves concepts like: contingencies, sunk costs, externalities and linkages, etc or as 
mentioned by Squire and van der Tak (1989):”the supply of inputs (consumed by the 
project) and the increase of outputs (produced by the project).  
 
In order to understand the logic behind the study with all the magnitudes and consequences 
that it will bring to the region within an economic perspective, we take a broader view of 
the CBA as such. The two techniques approached on this study include tangible costs, but 
there are intangible costs that at least should be identified and hopefully quantified. This 
framework is presented in the figure above.  
 
As can be seen, we group in one hand anything that reduces an objective, also known as 
cost, and in the other hand anything that contribute to the objective, that we know as 
benefits. In the case of the costs we find two different categories: 1) the ones that can be 
quantified in monetary terms [initial capital cost, cost of building infrastructure, operation 
and maintenance, etc] 2) the ones that cannot be quantified in monetary terms. The benefits 
are a similar story, we have: 1) the ones that are tangible [benefits easily appreciated], 2) the 
benefits that are not easily measurable.  
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 This we can consider the input to carry out an appropriate CBA and if, on top of that we 
include the right concepts that are described in the figure above considering the most 
relevant characteristics of the region, it is likely that the results will show an scenario as 
accurate as possible that will lead us to make the right decision when it comes to implement 
any of the two alternatives to import water. 
4.1.1 Externalities and Linkages 
Certain effects of the techniques to import water do not clearly impose a cost or confer a 
benefit within the confines of the project itself. Some of these effects might affect the 
achievement of the region’s objectives (either positively or negatively) and as such they 
should be included in the economic analysis. Unfortunally, externalities are sometimes 
difficult to identify as well as difficult to measure.  
 
As general outputs for the two means to import water in the benefit side we can account 
demonstration and training effects as externalities, but these are not amenable to 
quantification at present. When it comes to present external costs that we can consider out 
of this project, alteration of the environment; if they are significant and measurable, they 
should be counted as economic costs. According to Squire and van der Tak (1989): 
“whether or not externalities can be quantified, they should at least be discussed in 
qualitative terms”. 
 
Externalities of various kinds are thus clearly troublesome, and there is no altogether 
satisfactory way in which to deal with them. Nevertheless this is no reason to just ignore 
them, and an attempt to at least identify them should always be made –if they appear 
significant, to measure them-. In some cases it is helpful to internalize externalities by 
considering a package of closely related activities as one project. This procedure is also 
convenient in cases in which externalities, strictly speaking, play no role but in which it is 
difficult, if not impossible, to estimate demand –and hence the social value of the output 
from the project- without closely linking it to related activities. (Squire and van der Tak, 
1989). 
4.1.2 Taxes 
Recall that the payment of taxes, including duties and tariffs, is customarily treated as a cost 
in financial analysis but as a transfer payment in economic as a cost in financial analysis but 
as a transfer payment in economic analysis (since such payment does not reduce the 
national income). The amount that would be deducted for taxes in the financial accounts 
remains in the economic accounts as part of the incremental net benefit and, thus, part of the 
new income generated by the project.  
 
In projects like this one with a fundamental public character and that most likely will be 
controlled and even operated by governments, taxes do not represent a cost because this 
money will be reimbursed to the society that is paying with their taxes for the public works. 
This money in theory will be used to generate improvements and more benefits for the 
country, envisioning projects that contribute for the public welfare. 
4.1.3 Operating Costs and Benefits 
Another step in the Cost-Benefit Analysis is the calculation of the total operating costs and 
revenues (if any).  
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 4.1.3.1 Costs 
The operating costs comprise all the data on the disbursements foreseen for the purchase of 
goods and services, which are not of an investment nature since they are consumed within 
each accounting period. This data includes:  
 
-The direct production costs (consumption of materials and services, personnel, 
maintenance, general production costs); 
-Administrative and general expenditures; 
-Sales and distribution expenditures. 
 
These components together comprise the bulk of the operating costs. In the calculation of 
operating costs, all items that do not give rise to an effective monetary expenditure must be 
excluded, even if they are items normally included in company accounting. 
 
If loans are necessary, the interest payments of these loans follow a different course 
according to the type of subsequent analysis: they are not included in the calculation of the 
performance of the investment, but are included in the table for the analysis of the return of 
capital. Moreover, capital, income or others are included only included in the financial 
sustainability table. The rationale is to avoid the complexity and variability across time and 
countries of capital income tax rules (European Commission, 2008). 
4.1.3.2 Benefits 
Projects, in general, generate their own revenues from the sale of goods and services (e.g. 
water). This revenue will be determined by the forecasts of the quantities of services 
provided and by their prices.  
 
In the case of the benefits of this particular water pipeline, the investor may be not the same 
body that will operate the infrastructure (unbundling) and it may be that the latter pays a 
tariff to the former. According to the European Commission (2008) this tariff may not 
reflect full costs, contributing to the creation of a financing gap. The revenues usually 
considered for the financial analysis are those that come to the owner of infrastructure. 
Nevertheless, on a case-by-case basis, it would be helpful to consider a consolidated 
financial analysis for both parties, if considered necessary. 
4.2 Methodology 
At this part is intended to describe the tools and methods used for data collections and 
analysis. It reports on the information sources used as well as the applied methods and 
instruments for data collections and data analysis. The research involves a comparative 
study approach focusing on two approaches to increase the availability of water for the 
North African region, namely: the Intercontinental Water Pipeline and the Polyethylene 
Bags.  
 
As explained above putting together all the tools and the information gathered we will carry 
out a Cost-Benefit Analysis to dimension in one single picture the final balance of 
implementing one or the other strategy to import extra water to minimize the scarcity of this 
vital liquid within their boundaries and the cost that it will imply. 
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 4.2.1 Desk study 
The desk study was conducted mainly at IHE during the whole period of thesis indicated for 
the 2007-2009 MSc students. The desk study included literature review and interviews with 
people working in related projects. It comprised mainly regulatory documents, information 
extracted from the websites of the different actors involved, articles related to the regulatory 
process in those contexts or diverse documents provided by key informants.  
4.2.2 Collection of data 
In order to construct internal validity of the findings, the collection of the data integrated 
multiple sources of evidence and chain of evidence in the collection of the information (Yin, 
2003). A lot of effort was place in gathering information by contacting the key informants 
by phone, exchanging information by email, accessing to information through internet, etc. 
The purpose was to optimize the time spent with the key informants by having a good 
knowledge of the situation given before meeting them.  
 
In summary the approach to collect the most useful and accurate information for the Cost-
Benefit Analysis model was to contact people that are working in similar projects in others 
part of the world. It included phone calls to countries like Turkey, Cyprus, Surinam, United 
States, among others. Also, I had the chance to meet personally some of them for open 
questions and discussions regarding the topic.  
4.2.3 Review of literature 
A critical review of related literature was carried out. The literature provided the theory and 
deeper understanding of the research problem and enabled the researcher to formulate the 
conceptual framework onto which the research is based. The conceptual framework for the 
research was prepared as a way of focusing the research and paving a way for data 
collection. The conceptual framework enabled the researcher to develop an analytical 
framework for data collection and analysis of the cases.  
4.2.4 Consultation with staff members and project managers 
The first part of my data gathering was to find the necessary information about the 
measurement of costs and benefits for the ones that will be on the supply link of the chain. 
For this purpose was necessary to spend many hours trying to find the companies and the 
contact information of the project managers that are implementing or developing studies for 
projects with high similarities to the ones proposed on this study. Here we can count the 
Water pipeline from Turkey to Cyprus as well as the Spraag Bag project from Surinam to 
an Island in the Caribbean Sea.  
4.2.5 Consultation with public servers of the targeted region 
Under my own initiative and financed with my own resources I managed to include on this 
research a small piece of fieldwork with a trip to Morocco and followed interview with a 
Public Server of the Ministry of Land Management, Water and Environment of the referred 
country as part of the demand link of the chain. The idea with this particular interview was 
to see how open are in the region to import water from a different country/region regardless 
the point of the cost. Again, it was a more conceptual interview to explore if there were 
others constraints beyond the economic ones that would make this trade unviable. 
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 4.3 Hypothesis  
The hypothesis of this research reads as follows: 
To import water via a pipeline from Brazil is economically more viable than using the 
polyethylene bags approach 
4.4 Research questions 
There are several research questions needed to be answered. This particular research will 
focus on: 
 
1. Under which conditions these technologies can be implemented in Morocco? 
 
• How predictable will be this service? 
• Will these technologies enhance the environmental conservation? 
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 5 Cost Benefit Analysis  
In this section, the reader will find the reasons why Cost-Benefit Analysis was considered 
the most appropriate instrument to evaluate the two technologies to import water from an 
economic perspective, followed by the acknowledge limitations that this method involves.  
5.1 Why Cost-Benefit Analysis? 
Cost-Benefit Analysis is a useful tool when it comes to make decisions that affect either a 
single human been or a society as a whole. Behind this concept we try to (in simple words) 
assess the cost it will incur and the benefits we will get by incurring on this cost, balancing 
one against each other. In theory, if benefits exceed costs the project is acceptable, if not, 
the project is considered like not acceptable and should be rejected.  
 
The impacts of a project are defined for a particular study area, be it a city, region, state, 
nation or the World. The nature of the study area is usually specified by the organization 
developing the analysis. Many effects of a project may "net out" over one study area but not 
over a smaller one. The specification of the study area may be arbitrary but it may 
significantly affect the conclusions of the analysis (SJSU, 2008).   
 
Squire and Van der Tak (1989) stated that the CBA methodology for project analysis is 
feasible but not always desirable, in view of its cost and benefits. As usual in CBA, it is 
easier to document the costs than the benefits. Nevertheless, they also state that:” the initial 
cost of transition to the new methodology is substantial, since users must become familiar 
with the new techniques, and initial estimates of country/region parameters must be built up.  
 
Although CBA is a tool for guiding decisions, it is seldom the only guide to a particular 
decision. Most decisions are made on several criteria, some of which may in practice be 
unacknowledged and never explicitly presented. Many criteria that do not immediately 
seem to be of a financial or economic nature can nevertheless be brought into a CBA by 
special valuation methods (Snell, 1997).          
  
Even thought each project requires a unique framework for the implementation of CBA 
Snell (1997) has defined a general list of activities and definitions that should be listed 
when developing a CBA:  
 
a) Define the decisions that are to be guided. 
b) Define the group of people whose point of view is to be applied 
c) Decide criteria and parameters such as:  
• Project life 
• Discount rate 
• Adjustments: shadow pricing, omission of transfer payments, etc. 
d) Calculate the economic benefits attributable solely to the decision or the      project 
for each year of its life 
e) Similarly, calculate economic costs 
• Capital costs 
• Annual costs 
• Replacement costs 
f) Formulate the net benefit stream 
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 • List the benefits and costs year by year 
• Calculate the net benefit for each year 
g) Carry out the arithmetical economic analysis 
h) Assess other benefits or costs that have been excluded from the CBA 
5.2 Most useful concepts in CBA 
As part of the CBA we find some useful concepts that will be used on this particular case 
and explained on detail in the following paragraphs. 
5.2.1 Net Present Value  
The value of the money within the time is not the same, so before determining the value of a 
proposal, the costs and benefits need to be quantified for the expected duration of the 
project. The NPV of a proposal is determined by applying a ‘discount rate’ to the identified 
costs and benefits. At this project we will have costs occurring later and some others sooner, 
so is necessary to discount those costs, the same rule apply for the benefits (Financial 
Management, 2006).  
5.2.2 Discount Rate 
The technique of discounting permits us to determine whether to accept for implementation 
projects that have variously shaped time streams and that are of different duration (Gittinger, 
1982). Discounting costs and benefits is integral to conducting CBA for this study, it is 
necessary a critical analysis of the technique that will be used for this purpose. Further on 
this chapter is explained on more details the reasons of the selected method within the 
context of this study, considering specifically the socio-economic characteristics of the 
region.     
5.2.3 Internal Rate of Return 
The profitability of a project to the entity is indicated by the project’s internal rate of return 
(IRR). The IRR is also the discount rate at which the present value of the net benefit stream 
in financial terms becomes zero. 
5.2.4 Life Cycle Cost 
In decision making situations one should eventually take the economic consequences of 
alternative products or product designs into account. Life Cycle Cost analysis is an useful 
tool to fulfill this purpose, it determine cost-effectiveness of alternative investments and 
business decisions, from the perspective of an economic decision maker such as a 
manufacturing firm or a consumer. The process scope of the LCC includes only those 
processes imposing direct economic costs (or benefits) upon the decision maker (Norris, 
2001). 
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 Tool/Method LCC
Purpose
Determine cost-effectiveness of alternative 
investments and business decisions, from the 
perspective of an economic decision maker such 
as a manufacturing firm or a consumer
Activities which are 
considered part of the 
life cycle
Activities causing direct costs or benefits to the 
decision maker during the economic life of the 
investment, as a result of the investment
Flows considered Cost and benefit monetary flows directly 
impacting decision maker
Units for tracking flow
Monetary units (e.g., dollars, euro, etc.)
Time treatment and 
scope
Timing is critical. Present valuing (discounting) of 
costs and benefits. Specific time horizon scope 
is adopted, and any costs or benefits occurring 
outside that scope are ignored  
 
Table 2: Purpose and Approach of Life Cycle Cost. 
 
The table above summarizes the purposes and approach where a Life Cycle Cost is likely to 
be used and how its cost and benefits are being measured. The LCC takes careful account of 
the timing of the cost flows and may also include cost risks, and how they are altered or 
avoided as a function of product/process design investment options. 
5.2.5 CBA in public service provision 
By financing, providing or regulating the services that contribute to the welfare of their 
people, governments around the world demonstrate their responsibility and commitment 
with society. Services like water supply are replete with market failures, so the private 
sector, left to its devices, will not achieve the level of quality that society desires. In general, 
is stated that governments around the world procure to promote through their policies: to 
increase the annual growth of the GDP, protect the poor people by creating and enhancing 
opportunities and also to protect the environment. 
 
To achieve these objectives always represents a challenge and the key of the problem is 
how to approach these challenges in collaboration with the private sector, communities and 
outside partners to meet this fundamental responsibility. At this case the CBA will be 
strongly focus on increasing the GDP and hopefully –if the right decisions are made- 
improve poor people’s living standards by raising the economic performance of the country 
reducing the current water scarcity.   
 
To accomplish these goals, the system should fulfill some important characteristics from the 
perspective of a government. Governments should make sure that services are affordable for 
a majority of the society creating the conditions to avoid a lack of demand, not only due to 
poverty but for poor quality of the service, unavailability of complementary infrastructure, 
absent of facilities, among others.  
 
Another issue important to point out, is the impact on the environment that the project will 
have over the society, at this case the fact of importing water to a particular country where 
this resource is scarce most likely will bring positive impacts to society by scaling down the 
rhythm of depletion of their internal water resources.  
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 Last but not least, predictability is a topic that has important impacts on the performance of 
the project at the end reason why attention shall be pay on it. Governments are highly 
concern on how predictable can their water services be, so for this reason a description of 
both technologies on this sense will be explained as part of the general analysis.    
5.3 Limitations of Cost Benefit Analysis 
It is of particular importance to assess the constraints in meeting the objectives in order to 
examine the alternatives in the analysis and its feasibility. A CBA involves the 
identification and specification of a set of alternatives, and as such, the ‘do nothing option’ 
could also be included, but it is up to the criteria of the person developing the CBA. 
 
Estimating the magnitude of costs can be difficult and will normally involve input from 
accountants, economists, engineers and other specialists (it will depend on the type of the 
project). On this regard comes one of the limitations of the CBA, the so called “opportunity 
cost”, that at this case should be measure by its value in the “next best” or most valuable 
alternative use. 
 
The opportunity cost does not consider the intangible costs when conducting a CBA, in part 
because they cannot be assessed realistically in approximate money terms. This also applies 
for the intangible benefits, which have been mentioned in some of the literature for the 
water supply projects. Documents from previous experiences, where intangible benefits had 
a substantial role in the CBA, recommend overcome with this limitation by implementing a 
cost-effectiveness analysis, concept that approaches to measure the benefits in physical 
units rather than in monetary terms, if necessary.  
 
Another limitation to implement CBA is how to actually choose the Discount Rate. It is 
well known for me that the amount of the discount rate should reflect the type of project 
being evaluated, which means to specify which of the projects will be implemented by the 
public sector and which by the private sector. It is more likely to find a higher interest from 
private companies to execute the polyethylene bags to import water project than the 
intercontinental water pipeline; the one most probably will be undertaken by the public 
sector.    
 
Inflation is a very important component to implement CBA, and almost no project analyst 
can escape on deciding how to deal with it. In the past few years virtually every North 
African country has experienced inflation, as well as in the current times due to world 
financial crisis. According to Gittinger (1982), it is assumed that inflation will affect most 
of prices to the same extent so that prices retain their same general relations, but since it is 
such an important parameter with a considerable impact on projects implementation in 
developing countries, many sources must be consulted to try to derive an estimate with an 
acceptable degree of confidence.    
 
To develop a CBA in this study will find some difficulties when the intangible costs and 
benefits start actually to become more visible, and if there is something inherently wrong 
with CBA is the impossibility to reflect these factors in true values in the final balance. To 
overcome with this shortcoming a method called contingent valuation is usually 
implemented, the one consist in asking people what they are willing to pay (benefit) or to 
accept (cost) for a particular project that might affect them. This tool will not be 
implemented on this study since there are no plans to visit the North African region for this 
purpose (Snell, 1997).   
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 6. The Case Study of the Kingdom of Morocco 
Even thought a clear description of the North African region has been made on the previous 
chapters, especially regarding the water uses and rates of consumption, current a future. 
One of the countries was selected to implement the study using two technologies to import 
water (the intercontinental aqueduct and the polyethylene bags filled with water).  
 
To compare the two mentioned technologies, Morocco was selected, among other reasons 
due to its strategic location in the north-western coast of Africa, with shores in, the 
Mediterranean Sea and the Atlantic Ocean, plus the willingness of the government to import 
water in order to sustain their rates of growth in the long term. 
 
When making a decision about a project or an alternative, a breakeven analysis aids the 
entrepreneur in determining when the project is profitable economically. Project economics, 
however, are not the only factor that needs to be considered to approve a project, especially 
since some costs and benefits may not be quantifiable in monetary values (El Ayoubi, 2005). 
 
The value of intangible costs and benefits should be quantified to the greatest extent 
possible. Variables that may not have a monetary value, such as sustainability and equity 
should still be considered by the decision-maker. Unavoidably, this will introduce an 
element of subjectivity into the analysis (NCEDR, 2004). Nonetheless, it is important to 
consider all the issues affecting the project even those that were not quantified, so as to 
make a good strategic decision. 
 
Costs Indicator Benefits (assumptions) Indicator
Plastic Bag (capacity 250.000 m3) IRR Tourism growth GDP increment
Tug boats CBR Real State growth
O&M Costs
Polyethilene Bags
Costs Indicator Benefits (assumptions) Indicator
Intake infrastructure IRR Tourism growth GDP increment
Pipes CBR Real State growth
Pumping stations
On-shore land structure
O&M Costs
Water Pipeline
 
Table 3: Indicators of Costs and Benefits for both technologies 
 
The tables above specify the economic cost. The initial investment in the Polyethylene Bags 
project is significantly less since it only includes the plastic bag and the tug boat. Flexible 
bag operations are not subject to contract rigidities because their big advantage is that they 
are cheap. Only a few years ago paper studies suggested that a bag with the capacity of five 
supertankers could be constructed for about 1.25% of the cost. This is not the case of the 
water pipeline since its initial investment is meant to be huge (still to be fully calculated) 
and it includes a large number of assumptions, the ones are being supported on a similar 
project that is being implemented between Turkey and Cyprus.  
The Benefits for Morocco are supposed to be the same and it involves a potential growth of 
the GDP by bringing more water into the country which will contribute to improve 
industries like services (tourism), real state, and some others indirectly linked. There are 
some assumptions regarding how many points can growth the GDP of this particular 
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 country by making available more water for the purposes the government considers more 
important.  
6.1 Recent economic development 
According to the African Development Bank (ADB) (2006), the last years Morocco 
continued to record remarkable economic performance on the whole. Macroeconomic 
conditions remained stable. Internal and external balances were characterized by a generally 
positive real GDP growth rate, a current account surplus, a sustainable budget deficit, an 
external debt burden in steady decline and relatively controlled inflation. However, this 
excellent performance notwithstanding, the Government still has to address a series of 
challenges in the years ahead. 
 
In the Country Strategy Paper (CSP) published by the ADB for the period 2007-2011 is 
stated that the annual economic growth rate of about 4.4%, recorded over the last five years 
is still not stable enough to generate the impetus needed for a substantial and sustainable 
reduction in unemployment and poverty levels, especially in rural areas. While the national 
poverty rate is in decline, it remains very high (9.5% in 2006). Similarly, the poverty rate 
which stood at 14.2% in 2004 compared to 19% in 1999 is still too high and constitutes a 
potential threat to social cohesion. The highest poverty levels and widest social disparities 
are found in rural areas. The rural poverty rate was 22% in 2004. 
 
In the other hand, at the moment, there are no deficit problems on a macroeconomic context. 
Budget deficit has been scaling down from 4% of GDP is 2005 to 1.7% in 2006. The good 
news is that despite this good performance the government is aware of the need to step up 
its budget adjustment efforts, in 
particular by cutting the wage bill, reorienting the budget structure towards investments and 
social spending that have a direct impact on poverty, and raising tax revenue through 
implementation of tax reform. The objective of such budget adjustment is to ensure that the 
State has enough resources to finance the economy and be better prepared for unforeseen 
internal and exogenous shocks (ADB, 2006). 
 
The overall good performance of the Kingdom of Morocco in the recent years made them to 
be ranked among the low-risk countries in the Bank’s performance rating and therefore they 
are more likely to get loans with better conditions which will help to improve their economy 
and boost economic competitiveness and productivity in order to create the right conditions 
for sustainable and lasting job-creating growth.   
6.3 Governments Agenda 
According to the World Bank (2005), the general objectives of Government action are the 
improvement of the economic and social condition of citizens and the enhancement of 
Morocco’s position on the political scene and in the world economy. Hence, the 
Government is focused on four key areas, and one of those areas is consolidating and 
modernizing major infrastructure and  
superstructure networks, described as one of the efforts of the country to take up the 
challenge of globalization and competitiveness by joining several free trade areas.  
 
To enforce this decision which is aimed at preparing the national economy to face 
international competition and attracting more national and foreign investment, it became 
necessary to implement, inter alia, a policy of broad-based infrastructure network 
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 consolidation. What it concerns to water, the objective set up by the Government consists 
on “speeding up the pace of infrastructure development to enable timely integration of the 
national economy into the various free trade areas. The priority areas of intervention in this 
domain are: highways, roads, railways, maritime and air transport, the port and airport 
network and water management infrastructure” (ADB, 2006).   
 
All these documents clearly show the willingness of the Government place the Moroccan 
economy on the path to sustained growth by adopting a resolute approach to complete 
structural reforms. These reforms are relevant and their implementation has already led to 
an improvement in general economic performance. However, the challenge here is in the 
sequencing of these reforms and especially their pace of implementation. 
6.3 Constraints in the medium-term economic outlook 
The ADB on its previously referred CSP describes Morocco in economic terms as a country 
with enormous development potential in terms of: the diversified supply of tourism, 
agriculture and fisheries sectors; the know-how of its manufacturing industry (textile, 
information and communication technology); its proximity to European markets; cheap 
labor; its enormous national savings; the youthfulness and size of its labor force, etc. 
 
However, there are numerous constraints at various levels that prevent the Moroccan 
economy from fully realizing its growth potential. The main constraints include: (a) the 
excessive dependence of growth on meteorological conditions for water supply; (b) the low 
competitiveness of Moroccan enterprises; and (c) low labor qualification. 
 
For the purpose of this study we will focus only in the first and second factor activities (here 
are mainly included agriculture, real state and tourism). This fact is explained by the 
African Development Bank for the Moroccan case as such: 
 
Strong dependence of growth on meteorological conditions for water supply: 
Climatic factors have had a major negative impact on the performance of the strategic 
agricultural sector and consequently on the country’s economic growth rate trends, partly 
because of the fragile nature of cereals which constitute the main crop in Moroccan 
agriculture. Over the years, droughts have become a recurrent phenomenon in Morocco. 
While this impact has been relatively mitigated over the last five years, it still remains a 
crucial factor in the countries economic development.  
 
According to the General Council of Agricultural Development (2004) a growing scarcity is 
anticipated when, as a result of rising demands resulting from the expansion of irrigated 
areas and urban development, and a slowing of the growth of available supplies, together 
with depletion of aquifers, per capita renewable water resources are expected to fall from 
860 cubic meters to 410 cubic meters in 2020. So in 2020 Morocco will move from being 
defined as a water stressed to being a chronically water stressed country.  
 
The study also points out another factor that is directly linked to insufficient supply of 
infrastructure and it was stated in the report as the low competitiveness of Moroccan 
enterprises. The ADB describes this condition as such: 
 
        Low Competitiveness of Moroccan Enterprises: This is the combined result of several 
factors, namely: the limited financial and technological development of small and medium-
sized enterprises, the ill-adapted management methods of entrepreneurs, obsolete corporate 
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 information systems, low staff-management ratios in SMEs, limited and insufficient supply 
of infrastructure services (transport, electricity and water).  
 
All these aspects have an important impact on the performance of the Moroccan economy 
annually and are very connected to the water scarcity that the country faces every year 
(especially severe in the last few years). In order to keep track of the positive growth cycle 
it has enjoyed over the past 5 or more years important decisions need to be make or the each 
time harsher droughts will be the bottleneck for a more suitable performance.  
 
 
 Figure 8: Economic Performance of Morocco (source: African Development Bank, 
2006) 
 
According to different sources, like the National Council for Science and Environment 
(2008) and the African Development Bank (2006), the economic growth rate estimates of 
the last few years were scaled down mainly because of the negative impact of the drought 
that hit the country in amounts that range from 5.2% to 1.3% of the GDP, which cost to the 
national economy millions of dollars on their pursuit for growth.  
 
Special attention shall be pay to the percentage of the Gross Domestic Product that the 
country lose in economic growth and therefore loses in revenues with resulting effects on 
rural livelihoods. This will be the starting point to quantify the benefits in the Cost-Benefit 
Analysis, by making a correlation of the amount of water scarcity in cubic meters with the 
average lose in revenues directly connected to this constraint. 
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 7. Results and Discussion 
In this chapter, the results and discussion will be presented in two parts, and this is one for 
the polyethylene bags findings followed by the intercontinental water pipeline results with 
an analysis of the outcomes of this research. 
7.1 The polyethylene bags stages and relevant costs 
Following is an account of what happens at each stage of the export process and what costs 
will be incurred. The stages are specific to the Moroccan (Manavgat to Nador) example use 
on this research and are based on assumptions made on previous similar experiences but 
adapted to the conditions of the area.  
 
The values provided below are in US dollars. In similar projects carried out before, was 
assumed that the inflation differentials are offset by exchange rate movements, so we do. 
Also, for the project all costs and revenues are assumed to move in line with inflation as per 
indicated from previous experiences. The project will be expected to operate for at least ten 
years and so the analysis will extend over this period. 
7.1.1 Initial Investment 
 
The capital costs of water bag usage are much lower than for other methods like tankers. 
The price of one water bag with a capacity of 250,000 DWT is approximately $125,000 
U.S.. The price of a tugboats ranges from $600,000 U.S. to $1.5 million. The choice of the 
tugboat would depend on the power and speed of the boat, but according to previous 
experiences a bag with 275,000 DWT capacity can be moved at approximately 5.75 km/hr 
with a US $1 million tugboat (Davidge, 1994).  
 
This indicates that the bag would need approximately 22 days to be towed from (Manavgat 
to Nador). The return trip is much faster because the bags are empty, and would require 
approximately 7 days. Thus, one boat can make 12 trips per year moving two bags at the 
same leaving as a result 6 millions m3 of water per year, but considering that another 
tugboat will be acquired with two extra water bags this amount will scale up to 12 million 
m3 per year. Finally, a short pipe line and six electric pumps need to be purchase in order to 
unload the water in the Moroccan shore at a cost of $15,000 and $600,000 (for all the 
pumps) respectively. 
 
7.1.2 Stage I: Water Treatment and Loading the Bags 
 
The transferred water will require some treatment during its transportation in the tankers. 
The estimated preliminary treatment cost is $26,800 yearly (NEI, 2004). The calculations 
will assume that the bags are running at full capacity. The loading facilities will be provided 
by Turkey, specially since they have been working with this type of technique for some 
year already and they are just willing to charge the amount of money per m3 to cover their 
O&M costs and this is $ 10.4 ctvs, or about $1,250,000 on a year round perspective (Tuna, 
personal communication). 
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 7.1.3 Stage II: Transporting the Water 
Once the bags are loaded it embarks upon its journey down the Mediterranean Sea. The 
round trip is expected to require 29 days, as noted above. When the tugboats reach the port 
in Morocco it is emptied and the water is sent to Nador. At this case, the 24 trips per year 
that the tugboats can deliver in excess of 1,000,000 m3 of fresh water every month or about 
12 million m3 in 52 weeks. 
 
Also, the operating and maintenance costs of the bags, as well as maintenance are assumed 
to be 20% of the capital cost of the tugs and bags, which is approximately $600,000 
annually. Therefore, water bags offer a substantial reduction in capital costs for the water 
export project (El Ayoubi; McNiven, 2007).   
7.1.4 Stage III: Unloading the Bags 
 
The cost of unloading the bags is considered to be the same of loading the bags, since the 
same number of hours will be required to pump down the water which implies equal 
amount of money for energy. For this purpose will have to be purchase six electric pumps at 
a cost of approximately $200,000 while the cost of constructing a small pipeline is $15,000. 
The cost of power used by the pumps is estimated at $12,000 per 36 hours. The yearly cost 
of powering the pumps is approximately $1,250,000. Operating the pumps demands huge 
amounts of power, for that reason it might be necessary for the business in the future to run 
its own power lines that will be able to handle the required amounts of power. This will cost 
at least $3 million.  
7.1.5 Miscellaneous Costs 
 
In addition to the costs that have been indicated during each of the project’s three stages, 
there are still a number of miscellaneous annual costs that will need to be considered, for 
transferring the water: 
 
• leasing office space ($50,000) 
• hiring four administrative officers who will be in charge of running the office, 
marketing, finances, etc ($100,000) 
• hiring a technician to supervise and maintain the equipment and oversee the 
process of removing the water from the reservoir and then loading the bags ($70,000) 
• hiring four security employees ($80,000 annually) 
• other overhead ($205,250) 
 
It is clear that a number of costs are not included in this scenario. This has the effect of 
lowering the calculated costs and thus making the project’s profitability more attractive. 
The important consideration is whether the project is viable, even with these cost figures. 
As mentioned in different studies, though water bags may prove to be very useful in the 
future, the technology is new and available data are limited, so their present utility is largely 
hypothetical, based on “guessumptions” aiming to be as accurate as possible but still far 
from satisfactory long-term data. 
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7.1.6 Benefits 
 
The benefits of the analysis were calculated based on macroeconomic data from reliable 
sources like the World Bank, African Development Bank, among others. As mentioned on a 
previous chapter, there is a direct effect of the water scarcity over the annual performance 
of the GDP growth in Morocco, the ones is referred in percentage in a range of 1.3% to 
5,2%. For the 3purpose of this study a 2% was chosen as the amount of money from the 
total GDP (USD $73,374 millions) which represents about USD $1,467,480,000. 
 
After that, it was calculated the amount of water that will be needed to fulfill the demand of 
the country and its different sectors of the economy, and for this purpose was used the 
approach of water scarcity per inhabitant to reach the 1,000 m3/year of total renewable 
water resources1. In the case of Morocco and according to the MENA Development Report 
(2007) this number is about 964 m3/year/inhabitant, which means that we have to fill a gap 
of 36 m3/year/inhabitant. Considering that Morocco has as population of 31.2 millions the 
total amount of water required will of about 1,123.2 million m3/year. 
 
At any case, none of these technologies will be able to supply the total amount of water 
required for the country to be able to avoid losses in the GDP because of water scarcity. For 
the plastic bags to transport water, it is assumed that will be able to deliver 12 million 
m3/year which will report a benefit of about USD $15.67 million approximately, amount 
that will be used in the cash flow for the analysis.  
7.1.7 Evaluation 
 
The project is clearly profitable. The basic reasons that explain this relate to the relatively 
small capital investment required in establishing the business and particularly in purchasing 
the bags and tugboats. Another fact that influences the economic performance of the project 
is the economic benefits in terms of GDP, the water scarcity costs to the country around 
$1.3/m3 so any investment that requires water below that cost is profitable for the country 
as a whole.  
 
 
 
 
 
 
 
 
 
 
3 It was found that an average water resource of 1000 m3/yr per inhabitant in countries where food self-
sufficiency makes irrigation necessary is generally considered to the threshold below which tensions arise 
between needs and resources, with the risk of local or cyclical water shortages (IHP, 1995).  
  
Initial investment Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
Plastic Bag (250,000 m3) 600.000
Tug boat 2.400.000
Pipe line 15.000
Pumps 200.000
Total 3.215.000
Costs 3.215.000 5.052.050 5.178.351 5.307.810 5.440.505 5.576.518 5.715.931 5.858.829 6.005.300 6.155.432 6.309.318
Operation & Maintenance Cost of the 
Equipment 1.200.000 1.230.000           1.260.750           1.292.269           1.324.575           1.357.690           1.391.632           1.426.423           1.462.083           1.498.636           
Water Treatment 26.800 27.470                28.157                28.861                29.582                30.322                31.080                31.857                32.653                33.470                
Loading the Bags 1250000 1.281.250           1.313.281           1.346.113           1.379.766           1.414.260           1.449.617           1.485.857           1.523.004           1.561.079           
Transporting the Water 820000 840.500              861.513              883.050              905.127              927.755              950.949              974.722              999.090              1.024.068           
Unloading the Bags 1250000 1.281.250           1.313.281           1.346.113           1.379.766           1.414.260           1.449.617           1.485.857           1.523.004           1.561.079           
Miscellaneous 505250 517.881              530.828              544.099              557.701              571.644              585.935              600.583              615.598              630.988              
Benefits
GDP growth (by importing 12000000 m3) 15.678.205       16.070.160         16.471.914         16.883.712         17.305.805         17.738.450         18.181.911         18.636.459         19.102.371         19.579.930         
Net Flow -3.215.000 10.626.155       10.891.809         11.164.104         11.443.207         11.729.287         12.022.519         12.323.082         12.631.159         12.946.938         13.270.612         
Discount Rate (3,25%)
BCR 3
IRR 333%  
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Table 4: Cash flow of the polyethylene bags approach 
 7.2 The intercontinental water pipeline and its relevant costs 
As per mentioned on a previous chapter, another mean approached on this research to 
import water to Morocco is a water pipeline that will go all the way from the mouth of the 
Amazon river to Cape Juby in Morocco, crossing the Atlantic Ocean on an infrastructure 
that challenges in many ways the human ingenuity.  
 
In order to measure the cost of the recalled infrastructure we will divide the stages in three:  
-The Intake Costs;  
-The Ocean Crossing System Costs; 
-The Outfall Costs 
 
Here are included most of the details that will be incurred specifically for this project. The 
values provided below are also in US dollars. Like in the previous case all costs and 
revenues are assumed to move in line with inflation. The project will be expected to operate 
for at least fifty years and so the analysis will extend over this period. 
7.2.1 The intake costs 
 
 
 
Figure 9: Sketch of the intake infrastructure and pipeline submersion 
 
The water in the Amazon River will be gathered using an infrastructure called “Pipeline 
Intake” the one is made of a rectangular canal with a sort of filter at the entrance for the 
sediments with two dikes a few meters further that can be open and close at any time to be 
able to remove the sediments, when necessary. At the end of the canal was designed a 
concrete structure where the pipes will stand to get the water into the system. The total cost 
of this infrastructure was estimated in USD $159,617 (Hernandez 2009, personal 
communication).  
 
Along with the mentioned infrastructure two additional items were considered among the 
“intake costs” and this is the pumping station, that according to some calculations should 
have a capacity to pump about 833 m of head flow to offset the losses due to friction over 
the 4,000 km of the length of the pipeline. The referred pumping station should have a 
number of 10 parallel pumps with a total shaft power of about 23.3 MW the one will have a 
cost of around  USD $10 millions (Cordner 2009, personal communication).  
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Figure 10: Design of the “run of the river” hydropower plant 
 
The pumping station it self is going to need a hydropower plant to generate the required 
amount of energy to pump the water –the hydropower plant is considered the cheapest 
solution for the power demand of the pumping station- the one will be designed as a “run of 
the river” plant optimizing the vast amount of water of the Amazon river and that has a cost 
of about USD $1 million/MW (Arias. M, personal communication), so as we need 24 MW 
the amount of money needed for this specific civil work was budgeted on the USD $24 
millions.   
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 7.2.2 The ocean crossing system costs 
The Ocean Crossing phase requires intensive knowledge and expertise, and it is a sort of 
prerequisite for further phases of the project. For the sea crossing of the Intercontinental 
Pipeline, installation of HDPE is found to be more feasible but the first two kilometers of 
the system will be of steel pipes. According to feasibility studies steel pipe system are found 
to be 92% more expensive than HDPE pipe system. Length of pipe system that has 1600 
mm outer diameter will be 4,000 kilometers.   
 
 
Figure 11: Design of the ocean crossing system (source: Alsim-Alarko, 2009) 
 
The underwater long distance fluid transfer by floating pipes consists of the following major 
components: the submerged pipe (2), suspension cables (3), floating tank (4), anchorage 
blocks (weigh-fixing) (5), buried pipe (7), shore reach underwater anchorage part (8) 
(Alsim Alarko, 2004). 
 
The submerged-floating pipe (2) is made of petrochemical HDPE (high density 
polyethylene). The pipeline (2) with the result of self buoyancy is curved (bulging) not flat. 
The pipe supports itself and allows movement under currents horizontal or vertical.  
 
The pipeline (2) is anchored to the base at intervals depending on a particular design by 
special fixing suspension cables (3). At the higher parts of the fixing suspension cables (3), 
floating tanks (4) are situated. The system is saved from bearing additional loads by these 
floater tanks. The fixing suspension cables (3) at the other end are linked to the anchorage 
blocks (5) previously dropped to sea base (6) at calculated intervals (Alsim Alarko, 2004).  
 
The fixing cables (3) does the transfer the force from the points of fixation on the pipeline 
down to the anchorage blocks (5) thus allowing the pipeline to be suspended from the points 
of fixation in a floating fashion. The fixing cables (3) can be utilised as a single one or 
multiples and these cables (3) can be linked both to the pipe (2) and the anchorage blocks (5) 
at the base at multiple points of connection (Tuna 2009, personal communication). 
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The anchorage blocks (5) can be in the shape of a solid cement block or a basket like form 
and function allowing the inside part to be filled with varying materials like pebbles, stone, 
sand, cement or waste iron. The anchorage block (5) plays the weight effect against the 
forces acting vertically from the positive buoyancy and all the other loading conditions 
acting on the pipeline (Alsim Alarko, 1999). 
 
The floater tanks (4) ensure continuous positive buoyancy for the pipeline system with 
suspension and fixtures components together. Thus the necessary positive tension necessary 
in fixing cables (3) is maintained, independent of the resident depth. The floater tanks are in 
the forms of cylinder, cone or sphere and can be made of CTP, plastic, or PE (polyethylene) 
based materials (Alsim Alarko, 2004).  
 
After many inquires with different experts and companies with experience on the field of 
subsea water pipeline installation (PipeLife, Alsim Alarko, Intec Engineering) designing 
and implementing the ocean crossing system plus the efforts made to figure out the costs of 
most of the elements involved on the design previously described we got an estimated cost 
of USD $1,320 per meter, amount that multiplied times 4 million meters results on a global 
amount for this stage of USD $5,280 millions. 
7.2.3 The outfall costs 
 
 
Figure 12: Image of the reservoir to store the water in Morocco 
 
Once the water reaches its destiny in Morocco an onshore land structure should be 
constructed to store the water and from then distributed for the purposes and under the 
conditions that the public administrator disposes. According to calculations made and with 
the input of constructing experts in the region there will be needed to build a reservoir using 
concrete of 240 kg/m2 to store 63 millions cubic meters per year and a capacity to store the 
water inflow for one week (which means 1.2 millions cubic meters at full capacity).  
 
The reservoir will be designed on a circle basis (see picture below) with concrete lay of 1 m 
depth, it will require a total amount of about 193,417 m3 of concrete plus additional works 
of excavation and leveling that give us as result a total investment of USD $37.6 millions 
(Syed 2009, personal communication).    
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7.2.4 Operations and Maintenance costs 
 
For this project the O&M were considered only for three specific items: the pumping station, 
the hydropower plant and the pipeline. In the first case it was referred by the sales company 
that the cost goes usually around the 5% of the initial investment which at this case was 
considered on the USD $500,000 in the first year and after that will rise in line with the 
inflation.  
 
The hydropower plant as explained by the annual report (2006) of the Central Electricity 
Board has O&M considerably low compared to the initial investment and for that reason, 
they argue, concessions are not only feasible but attractive for the private investors. On this 
case they argue that a “run of the river” hydropower plant that produces 24 MW most likely 
will have recurrent cost below the USD $50,000 and actually closer to a USD $35,000 per 
year with the consequent inflation effects along the years.  
 
Finally, we come to the yearly costs of the pipeline itself, which due to the conditions and 
circumstances of the project, to come up with a number will be more guessing that actually 
back it up on a previous experience. Nevertheless, the company that produces these pipes 
through one of the members of the technical department agreed that even thought they 
warranty no damage in the pipelines for at least 25 years, for the purposes of the CBA can 
be considered the cost of 1 km of pipes (including installation) as the price of the O&M, 
which means USD $1.3 millions per year.   
7.2.5 Benefits 
 
At this case, the benefits were calculated like in the previous analysis, where a 2% of the 
GDP was considered as the direct effect of the water scarcity over the annual performance 
economic growth in Morocco which represents about USD $1,467,480,000.  
 
Like with the polyethylene bags, it was calculated the amount of water that will be needed 
to fulfill the demand of the country which according to the MENA Development Report 
(2007) this number is about 36 m3/year/inhabitant. Considering that Morocco has as 
population of 31.2 millions the total amount of water required will of about 1,123.2 million 
m3/year. 
 
At any case, none of these technologies will be able to supply the total amount of water 
required for the country to be able to avoid losses in the GDP because of water scarcity. For 
the intercontinental water pipeline, it is assumed that will be able to deliver 63 million 
m3/year which will report a benefit of about USD $82.40 millions approximately, amount 
that will be used in the cash flow for the analysis.  
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7.2.6 Evaluation 
 
At this case the project is unprofitable. The extremely high capital investment due to the 
long distance and the difficult conditions when installing the pipes which requires a lot of 
expertise and costly materials usually manufactured by few companies far away from the 
construction point, which increase the cost of these materials.  
 
As expressed in the cash flow, the Benefit Cost Ratio (BCR) goes below 1 to 0.64 as a clear 
signal that with the current benefits the project can not be implemented unless the materials 
and installation cost decrease considerably. With the water pipeline the cost of importing 
per cubic meter is USD $1.67, well above the USD $1.3/m3 as the maximum price the 
country can afford to make any water transfer economically worthy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Initial Investment Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Year 35 Year 40 Year 45 Year 50
Intake infrastructure 159.617                   
Pumping station 10.000.000              
Ocean crossing system (including pipes, 
welding, salary) 5.280.000.000         
Fixing cables 5.120.000                
Anchorage block 16.000                     
Floater tanks 64.000                     
Water reservoir on-shore 37.610.029              
Hydropower plant (run-of-river scheme) 24.000.000,00         
Total 5.356.969.645,92    
Costs 5.356.969.645,92    2047572,912 2.316.640,81      2.621.066,44      2.965.496,09      3.355.186,64      3.796.085,72      4.294.922,56      4.859.310,65      5.497.863,98          
Operation and Maintenance Cost of the 
Pumping stations 551906,4453 624.431,48         706.486,91         799.325,09         904.362,97         1.023.203,70      1.157.661,07      1.309.787,24      1.481.904,04          
Operation and Maintenance Cost of the 
Hydropower plant 38633,45117 43.710,20           49.454,08           55.952,76           63.305,41           71.624,26           81.036,27           91.685,11           103.733,28             
Operation and Maintenance Cost of the 
Pipeline 1457033,016 1.648.499,12      1.865.125,44      2.110.218,25      2.387.518,25      2.701.257,76      3.056.225,22      3.457.838,31      3.912.226,66          
Benefits
GDP growth (by importing 63.072.000 m3) 90959310,67 102.912.111       116.435.608       131.736.203       149.047.422       168.633.477       190.793.301       215.865.108       244.231.556           
Net Flow -5.356.969.645,92   88911737,76 100.595.470,32  113.814.541,30  128.770.706,78  145.692.235,23  164.837.391,49  186.498.378,52  211.005.797,15  238.733.691,87  27  
Discount Rate (3,25%)
BCR 0,64
IRR 1%
6.220.328,46  
1.676.638,40  
117.364,69     
4.426.325,38  
276.325.588   
0.105.259,67
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Table 5: Cash flow of the Intercontinental Water Pipeline approach 
 7.3 Comparative analysis 
 
Total amount of 
water
Cost $/m3 Distance (km) Cost $/m3/km
Polyethylene Bags 120.000.000            0,41 3000 0,0001
Intercontinental 
Water Pipeline 3.153.600.000          1,67 4000 0,0004
 
Table 6: Summary of the two approaches in terms of quantity and distance 
 
After the completion of the CBA for both approaches, a comparative analysis in terms of 
quantity and distance is necessary. As explained above the polyethylene bags approach has 
a considerable smaller initial investment and –in theory- can transport amounts of water 
relatively high which makes the cost per cubic meter much lower than the Intercontinental 
Water Pipeline. 
  
Also the distance that the Polyethylene Bags has to transport the liquid is 25% less than the 
length of the pipeline and this fact makes also lower the cost per cubic meter and per 
kilometer, in other words if we had to use both approaches for the same distance, still the 
bags would be a cheaper option than the pipeline. The polyethylene bags is a more efficient 
approach in terms of cost and how quickly it can be implemented, the pipeline will require a 
few years to be constructed before getting the first drop of sweet water in the Moroccan 
shore.  
 
It is also important to mention that life cycle of the initial investment in the case of the 
water pipeline, is likely to be longer than the 50 years of the cash flow, so is considered the 
cost and benefits for a longer period of time parameters like the CBR might become more 
attractive for the government to invest in such infrastructure in the future.  
  
For the water pipeline, the impact on the downstream estuarine and marine ecosystems of 
removing 0.001% of the daily flow for six months from the river should not be significant 
as the riverine environment is already adapted to similar variances in runoff and flows. If 
the amount of water to be removed were to increase, were such a project to operate and 
expand, the impacts could become more pronounced, then a cost for the environmental 
impact should be included in the CBA. Also, the minimum level of flow required to reduce 
the effects on the native species and assure their functioning should be determined.  
 
Even if in theory, the polyethylene bags technology is less capital intensive than the water 
pipeline, it is more vulnerable to rough ocean conditions that could cause a bag to detach 
and get lost. A detached bag would be a navigation hazard and should be considered as an 
externality in the future, whenever the controversy over bulk water exports will stop being a 
game of symbols and law suits between interest groups, governments, small business 
players and speculators and will begin to get serious. 
 
Both projects are relatively new and its reliability hasn’t been test before, but it’s important 
to mention that the big advantage of an investment like the pipeline is that it will bring a 
constant flow to the region more or less safe to keep it stable (through an official agreement 
with the Government of Brazil) which differs from the polyethylene bags case, which 
supply can be cut off in a shorter period of time.  
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 8. Conclusions 
Based on the results and discussion of the previous chapter, the following conclusions could 
be obtained: 
 
• Water shortage is one of the main problems for the economy of Morocco and an 
undeniable part of the solution comes with the necessity of importing water from an 
external source, since it has been vastly proven that only with management 
approaches the problem will not decrease significantly.  
 
• The transportation per cubic meter of water imported using the polyethylene bags 
was found to be on average USD $0.41 and USD $1.67 transporting the water via a 
pipeline, pointing out that this price does not include any payment either to Turkey 
or Brazil for the raw water. These results also indicate that polyethylene bags to 
transport water between Turkey and Morocco is highly competitive with other 
methods of supply like the intercontinental water pipeline, but the amounts of cubic 
meters it can supply are still insignificant compare to the potential demand. 
 
• The concerns about the environmental impact of these technologies but specifically 
of the water pipeline are not well justified, specially considering the very little 
amount of water that will be withdrawn from the discharge in the mouth of the river 
which makes any environmental impact on the Brazilian shore negligible from the 
point of view of water extraction.  
 
• From the gathered information through personal communication with project 
managers of private companies and public servants, the water supply from the 
Turkish government to the region –including Morocco- is likely to be limited within 
the next few years due to physical availability itself and a changing political 
environment, from that point of view a water pipeline from Brazil can be considered 
a more reliable source of water for the country.  
 
• Policy makers should be very careful with the trustworthiness of the imported water 
on a long term perspective, if the previous conclusion becomes real the  benefits of 
the water imported via the pipeline are higher than the ones considered in the cash 
flow and therefore its price per cubic meter will go down. A policy for contingency 
actions in case of cut off or excessive pricing of the water imports are necessary.   
 
• The methodology implemented on this research faced some difficulties when 
measuring some costs and benefits, that only due to the fact that both are relatively 
new technologies but also because the information was mostly in private 
companies’ hands. A lesson that can be learnt for further similar studies is the 
necessity for a contingent valuation in the field in order to get more accurate data.     
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 Annex 1 Factors that influence water outcomes  
Along with the urbanization of the region there are some other factors that had affected the 
population’s concern for and ability to influence water outcomes. The most important and 
the reasons behind the trends shift include: 
 
• Increased education levels. The World Bank (2007) reports and increased of the 
average years of schooling over the age of 15 in MENA from 1.2 years in 1960 to 
5.4 years in 2000, situation that have benefited particularly women. Populations 
with a higher degree of education in higher number of members are able to 
understand better the “whole picture” of the impacts of water on their health and are 
more likely to communicate their worries on this regard. 
 
• Improved access to information. People in the region are not being excluded of this 
worldwide phenomenon of accessing information about issues that concern them. 
World Bank mentions as the factors that influence this like: the release of official 
information such as household surveys, growing independence of the region’s press, 
information flowing based on migration of family members. All this information 
available creates a friendlier environment to increase transparency on the public 
spending through the participation of a well informed and well educated civil 
society.  
 
• Concerns for water quality. According to survey responses from citizens in 
countries like Palestine, Jordan and Israel, as income rise concerns for the quantity 
of water available declines but concern for water quality appears to increase 
(Lipchin et al. 2004). In the region middle and upper-middle class households and 
upward have access to private sources of potable water with no restriction for 
consumption as long as they pay for it.  
 
• Decentralization and empowerment of users. The empirical evidence in many 
countries reflects that when responsibility for service delivery and allocation 
decisions is closed to those affected, those decisions tend to accommodate the 
perspectives of the entire community. Nevertheless Kahkonen (1999) states that 
although empowering users may increase opposition to changing existing allocation 
levels, it may ensure that the needs of a broader coalition of interests are served.   
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 Annex 2 Scarcity in North Africa 
According to the World Bank report on the MENA region, and considering the estimates for 
domestic per capita water requirements per day range between 50 and 100 liters, but also 
including industrial and agricultural uses with the corresponding extrapolation from these 
benchmarks, a country will need to provide about 400 to 500 m3 per capita per year. It is 
also mentioned that water scarcity must be evaluated within the specific context of each 
country’s geographic and socioeconomic setting.  
 
On this definition has been stated that when supply falls below 1,000 m3 per capita per year, 
a country is said to experience water scarcity, and below 500 m3 per capita per year, 
absolute scarcity. Even if there is still a discussion going on about the numbers on 
renewable water resources on the region due difficulties to interpret these terms, because 
they do not take into account chances for trade in agricultural products, efficiency of water 
use, etc, there is an ample consensus on the regions current water scarcity and there is no 
discussion that things can get worse if no actions are taken. 
Types of scarcity in the region 
Water scarcity in the region has many faces the ones should tackle to reduce the water 
constraints in the region –scarcity of physical resources, capacity within water management 
organizations, and accountability mechanisms- if water is to achieve its potential 
contribution to growth and employment.  
 
The scarcity of physical resource, according to MENA development report implies getting 
the right amount of water at the right quality from the location and time that nature provides 
it to the location and time that humans require it. This complex feat involves new set of 
challenges for the region’s engineers and is referred as one of the most important limitations 
among the types of scarcity mentioned on this document.  
 
The scarcity of organizational capacity, this is probably the strongest point of the region 
that started decades ago with world-class technical specialists that manage water allocations, 
protect water quality, and build and maintain infrastructure but still some considerations 
should be tackle on the framework on institutional rules. Nevertheless, the region should 
make emphasis on the issue that professionals need to understand how different factors 
within and outside the water sector affect sustainable and efficient usage by implementing 
the most appropriate tools on building organizational capacity (World Bank, 2008).  
 
The scarcity of accountability for achieving sustainable outcomes, is a big limitation on the 
North African countries. Water is a natural monopoly and therefore requires higher levels of 
accountability to their users, which of course implies clear consequences for good and bad 
performance. Some of the countries in the region has or are on track to achieved middle- or 
high-income status, with a growing middle class and sophisticated business and farmers 
willing to pay for good quality service, but there is still lack of connection between the 
users and service providers the one will increase the likelihood that the water goes to the 
most efficient and sustainable use (World Bank, 2008). 
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